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Executive Summary

This document presents the Remedial Investigation and Focused Feasibility
Study (RI/FFS) for the Quendall Terminals property, a 23-acre parcel located
on the eastern shore of Lake Washington in Renton, Washington. The
property has had various industrial uses since the early 1900s and has been the
subject of an extensive series of environmental investigations starting in 1971.
These investigations have indicated that the property is heavily contaminated
from coal tar refining activities that occurred there between 1917 and 1969.
The contaminated areas include onsite soil and groundwatef; areas of dense
nonaqueous-phase liquid (DNAPL), and the Lake P on shoreline and
sediments. Primary contaminants foun th re PAHs, benzene,
DNAPL, and wood waste. The Washington State ;
(Ecology) has assigned the site a hazardi;‘ankin SF1.

and redevelop the Quendall Terminals”
efforts has proved unsuccessful bec e
- site, difficulties in addressing thesEf
and the extensive infrastructug
site redevelopment ohf

lall=STerminals property serves as a cornerstone for
. Ja¢much larger area that could include three other adjacent
2 redevelopment opportunities (ie., the J.H. Baxter and

shoreline and nearshore habitat that contrasts sharply with the otherwise
heavily developed nature of Lake Washington. This relatively undeveloped
shoreline offers opportunities for enhancing natural habitat and permanent
public shoreline access.

To take advantage of these opportunities, the City intends to enter into the
Prospective Purchaser Agreement (PPA) process with Ecology to facilitate the
remediation and redevelopment of the Quendall Terminals property. Under
the proposed plan, the City would purchase the site from the current owners
and remediate the site using funding from city, state, federal, and private
sources. If the City is successful in managing the environmental risk at
Quendall Terminals, future plans include providing permanent shoreline

JAGCO0-02438-770 viii



'Executive Summary

access through a waterfront park and selling the remaining upland portions of
Quendall Terminals to a private developer for a mixed-use development.

The successful cleanup and redevelopment of the Quendall Terminals
property will provide benefits to the citizens of the State of Washington and
the City. These benefits include management of environmental risk at a site .
situated on a shoreline of statewide significance that has a hazard ranking of 1
on Ecology’s Hazardous Sites List; creation of approximately 0.25 mile of
permanent shoreline access for the public, with additional adjoining shoreline
access pos51ble at the adjacent sues shoreline and l 13 bottom habitat

C &P placed on the soil surface that would sumlarly :
"m to residual contaminants in soil. DNAPL-

backfﬂled with treated or clean materials. These areas include the vicinity of
the T-dock where sediments are affected by PAH compounds and the
nearshore area affected by a DNAPL seep. In addition, sediments containing
more than 50 percent wood waste will be dredged. Because this action will
restore the lake bottom to its approximate original contours, these areas will
not be backfilled. Certain other sediments containing less than 50 percent
wood waste may be covered with a cap of 1-ft maximum thickness, consisting
of imported clean fill and/or treated sediments and soils. The extent of this
cap will be determined based on toxicity testing that is currently scheduled for
surmmer 2000.

JAGCO-02438-770 : ix



Executive Summary

Requirements for compliance sampling and ongoing monitoring and
maintenance activities are also specified in the preferred remedial alternative
described here.

JAGCO-02438-770 x



1.2

Introductiqn |

Scope and Purpose
This Feasibility Study (FS) is intended to address environmental

contamination problems associated with the Quendall Terminals property.

The objective of this report is to assess the nature and extent of chemical
impacts to the site and to present a protective remedial alternative for the site
that satisfies Ecology’s evaluation criteria provided in MTCA (WAC 173-

340-360). .
eﬁmg site uses,

This document summarizes existing mformatle
characteristics, and conditions as derived fr t

includes a description of more recent ji igatigt o reyifws the
potential human health and envuonrri’ tal i 77 site, the
qualitative and numerical remedial actﬁ@ f {48determine site
cleanup requirements, and the remedialztcphnologies and alternatives

R

majo reenue source to the City if cleaned up and redeveloped. As a result,
the City has continued to work to develop an effective plan to restore the
Quendall Terminals property to beneficial use for the community.

The Quendall Terminals property is located at the center of three other
adjacent parcels offering redevelopment opportunities (Figure 1-1; J.H. Baxter

and Company property to the north, Barbee Mills property to the south, and

Pan Abode property to the southeast). Thus, the Quendall Terminals property
serves as a comerstone for redevelopment of a much larger area. In addition,
the Quendall Terminals property and adjacent properties include unique
shoreline and nearshore habitat that contrast sharply with the otherwise

heavily developed nature of Lake Washington. This relatively undeveloped -

JAGCO-02438-770 1-1



Draft Remedial Investigation and Focused F easrb ility Study - QuendaII Termmals Property, Renton,
Washington

shoreline offers opportunities for enhancing natural habitat and permanent
public shoreline access.

To take advantage of these opportunities, the City intends to enter into the
Prospective Purchaser Agreement (PPA) process with Ecology to facilitate the
remediation and redevelopment of the Quendall Terminals property. Under
the proposed plan, the City would purchase the site from the current owners
and remediate the site using funding from city, state, federal, and private
sources. If the City is successful in managing the environmental risk at
Quendall Terminals, future plans include providing permanent shoreline
access through a waterfront park along the entire adj jaceny sh
selling the rernalmng upland portions of Quendalk i

RN

£

The successful cleanup and redevelgpments 2ndal]>” Terminals
property will provide benefits to the citizens W ashmgton and
the City. Foremost, the cleanup would it i m agement of environmental
risk at a site that has a hazard ranking of 1 on 510Ry’s Hazardous Sites List
and is situated on a shoreline of stafSy Second, the cleanup
and redevelopment would lead g#¥the “cre 108, of {qo Proximately 0.25 miles of
permanent shoreline access f ; “-F vithsadditional adjoining shoreline

access_possible at the ad ehit 51 j-r ccss would yield benefits to the
reglon for the mdeﬁmt' ' H

el J’JT . Aﬁer the property is purchased the Crty wﬂl perform the cleanup
and will comply with MTCA by performing the actions described in the
attachments to the PPA, which will include the Cleanup Action Plan (CAP)
- derived based on information presented in this FS.

1.3 Site Background and History

The 23-acre Quendall Terminals property is located on the southeastern shore
of Lake Washington in Renton, Washington. The site is heavily contaminated

JAGCO-02438-770 1-2
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Washington

from the coal tar refining that occurred there from 1917 to 1969. The
contaminated areas include .onsite soils, onsite groundwater, areas. of dense
nonaqueous-phase liquid (DNAPL), the Lake Washington shoreline, and Lake
Washington sediments. Contaminants found onsite primarily consist of
polycyclic aromatic hydrocarbons (PAH) compounds, benzene, and wood
waste. A local lumber company is currently using the site as a log-sorting
yard.

1.3.1 Site Use History
The Quendall Terminals property began as a homestead con¥gyed to Jeremiah

The site has historically been used for m istrialipurposes. When the lake was
lowered approximately 8 feet, the May«@reckifleltatwas exposed and the land
area of the waterfront parcel i increass ; (-Q- i %eilly family established

the Republxc Creosotmg Compan

Mill “%’? : 6 and 1956, the creek was moved farther to the
south a numberofti ;

feopsisted of 4 " compounds, phenolic compounds, hght aromatic
con g 1md Affcluding benzene toluene, and xylenes) and other orgamc
GHie Gas Company on Lake Union, and was shipped or baxged to the site
and pumped through transfer lines that ran along a former wharf and pipe
trestle. The docks included the southern pier dock and the longer T-dock,
which were used for offloading tankers and barges (RETEC 1996a). From the
docks, the transfer lines ran to two 2 million-gallon storage tanks (tanks 23
and 26) located in the west central tank farm area, as shown on Figure 1-2.
The tanks contained heating elements to keep the liquid warm, thus allowing
it to be transferred to the still house, where the tars were refined to produce
creosote and distillates (Hart- Crowser 1997). Tar distillates were further -
refined to produce naphthalenes, xylenes, benzene, toluene mix, and other
organic products. The products were then stored in onsite tanks until
shipment (Roberts 1981).

e

JAGCO-02438-770 . 1-3
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Tanks 1 through 5, located just south of the still, were installed in 1916 to
store creosote-related products. The two largest storage tanks, tanks 23 and
26, were installed in 1928 primarily to store the raw coal tar materials. Tanks
35, 36, 37, and 38 were constructed in 1956 and are located in the west-central
area of the site. These tanks were also used to store creosote-related products.

Historic facility features were identified to locate areas of potential

environmental impact caused by tar refining operations. Potential onsite -
sources of soil and groundwater contamination are listed below; these
locations, with the exception of the “Saturday coke” d1$pos area, are shown
on Figure 1-2 (RETEC 1996a).

e The still house

RS IE

ﬁﬁjﬁ’" received effluent from cooling lines and were
ontaminated with creosotes and tars

JEL

d Igter, petroleum products were stored.

b4

ERRY le Sh1pyards An aerial photograph from this period shows
approximately 50 barges stored in this area. This area has been used for log
rafting operations since 1936.

Subsequént Site Usés

The site was used intermittently as a crude oil, waste oil, and diesel storage
facility from 1969 until 1978. Tanks 35, 36, 37, and 38 were used regularly
for this purpose during this period; Tanks 23 and 26 were used only once to
store these products (Figure 1-2; Hart Crowser 1997). After 1983, the site
was graded and raised with approximately 3 feet of fill material, including a
soil and wood mixture (RETEC 1997a). Since 1977, the site has been used as
a log sorting and storage yard, for firewood cutting, and for storage of in-

JAGCO-02438-770 14
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water construction equipment. After 1977, no chemicals or petroleum
products, other than what is used for operation of heavy equipment, are known
to have been stored onsite. All structures associated with the refinery
operations, except for the office building, have been removed from the
property. Wood chips and bark are scattered across the property as a result of
-the logging operations (Hart Crowser 1997).

1.3.2 Adjacent and Surrounding Properties

J.H. Baxter—The J.H. Baxter property lies to the north of the Quendall
Terminals property (Figure 1-1). The property wg% re51 ial 'until 1955,

poles, pilings, and railroad ties. A ma{
Quendall Terminals property, drawn % E:

February 1972, shows a pipeline connectiig t

farm with the storage tanks located on th"?J

largely inactive, except, uéthe Stbrage o._‘
the northern section ore pro :

b Mill is located to the south of the Quendall
f~e and has been used for timber and lumber activity
i 'century In the early 1900s, a logging railway terminated
here logs were transferred from railcars to barges.

It gﬁi&}’-ﬁk o 1946, a shipyard called Barbee Marine Yards built wooden
atseon the property. At this time, a lumber mill was established onsite to
service the shipyard. After World War II, shipbuilding activity ceased, and
the lumber mill became the primary land use (RETEC 1997a). Log rafting in
Lake Washington is suspected to have deposited wood waste on nearshore
sediment at the Barbee Mill property. In addition, historic activities at the
Barbee Mill have resulted in potential arsenic impacts on the southwest corner
of the Quendall Terminals property. The owners of the mill property are
addressing the arsenic issues.

Pan Abode—The Pan Abode property is located southeast of the Quendall
Terminals property and was owned by Reilly Tar and Chemical until 1957
(Figure 1-1). Pan Abode Cedar Homes, Inc., purchased the property in 1957
for use in manufacturing prefabricated cedar homes. Prior to this time, the

JAGCO-02438-770 1-5
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property was undeveloped and there is no indication that Reilly Tar and
Chemical used it in the tar refining process. Cedar homes are manufactured at
the facility, and areas of the property are used for storing large boats and
motor homes. Environmental investigations at the property indicated there are
no environmental impacts that exceed MTCA criteria (RETEC, 1997).
Vulcan purchased the property in 1999.

1.4 Summary of Previous Investigations

Environmental and/or geotechnical studies have been performed on the
Quendall Terminals property since 1971, when Quendall Telﬁinals purchased
the site from Reilly Tar and Chemical. Momtonn Is¥boreholes, test pits,
and temporary well pomts have been d ons) hd offsite brief

"'L“,r-.u‘,‘ .

ﬁrur'. _Terminals Property was

b EE Rt

investigations is presented in Tabled® ons of all available soil
samples, borings, groundwater s8m b sediment samples are shown in
Figure 1-3. All availabled: jca omplled are presented in
Appendices A, B, and C,4 :‘3' mal ing ""i gatxon activities performed m

2001 to support this FSAfe)
provided in Append

970 al 1; “Pwelker and Associates, Inc., conducted site
investigationss; _ 50 Sppo 2Sf site development. These studies were mainly
i dzincluged 15 onsite soil borings (B-1 through B-15) and 17
' through O) (Twelker 1971, as cited by Hart Crowser

Eaigs3
ei9%5, Shannon and Wllson, Inc., conducted a soil investigation that
mcluded borings along May Creek and near Barbee Mill and Pan Abode
(RETEC 1996a, 1997b).

CH2M Hill, Inc.

Beginning in 1974, CH2M Hill conducted investigations on the site related to
geotechnical characterization (CH2M Hill 1978) and environmental impact
assessment for a master planned development (CH2ZM Hill 1981). Lake
current and water quality studies (CH2M Hill 1977, 1979, as cited by Hart
Crowser 1997) were included in the environmental impact assessment.

JAGCO-02438-770 : 1-6
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U.S. Environmental Agency

In 1983, the EPA inspected the site, focusing on sediment contamination. The

inspection included visual observations made during a self-contained

underwater breathing apparatus survey and sediment sampling for chemistry.

Aquatic plants, fish, and invertebrates were surveyed. Evidence of free

product in sediment was noted, and sediment cores were taken and analyzed -
for PAH contamination (U.S. EPA 1983, as cited by RETEC 1996a).

Analytical results of the EPA inspection are included in Appendix C.

Woodward-Clyde Consultants, Inc.

Woodward-Clyde Consultants, Inc. (WCC) Rirgfom Py
contamination investigation in 1983 (W%%n ast
1997). The consultants performed the follo

e Drilled 18 soil borings to wﬁ? : 70 feet below
ground surface - 2

samples for priority volatile and
compounds .

*'-glii"' method (WCC 1983, as cited by Hart Crowser 1997).

P of the Consent Decree signed by Quendall Terminals and Ecology in
1988 (WCC 1990, 1991a, as cited by Hart Crowser 1997), WCC conducted
the following additional work:

e Installed 11 additional monitoring wells (BH-17 through BH-23) at
7 locations (9 of the 12 wells installed in 1983 had been destroyed
by log yard operations)

e Collected 42 soil samples from the 7 well locations and analyzed
the samples for PAH, PCP, and dibenzofuran using EPA Method
625

JAGCO-02438-770 1-7
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e Conducted groundwater sampling quarterly (January 1989 and
March 1990). Groundwater samples were analyzed for volatile
and semivolatile organic compounds, metals, and field parameters
(including nitrate, nitrite, sulfate, alkalinity, pH, and dissolved
oxygen).

In 1990, WCC installed 6 additional wells at 4 locations (BH-24 through BH--
27). A total of 16 soil samples collected from the 4 well locations were

analyzed for semivolatile organic compounds using EPA Method 8270. In
June 1991, groundwater was sampled from 6 wells and anal ed for volatile

results of the WCC mvestlgatlons for PAL "f uded in
Appendices A and B. 7
WCC completed additional mves’ugatlo “"' o ' 1992a, as
cited by Hart Crowser 1997). The studies

J Investlgated in situ bloratlon atl .i'f 9 endall Termmals site

( ed oxygen, chemical and
> and microbial counts)

egt in several shallow groundwater
thes éuendall Terminals site could be
ANAPL ‘was pumped out of wells BH-21A

1 and 1992, Ecology conducted a sediment investigation at the
Quendall Terminals and J.H. Baxter properties. The investigations focused on
shallow sediment (0 to 2 centimeters deep). Analyses were conducted for
PAH compounds, PCP, PCBs, and heavy metals. In addition, bioassays and
measurements of macroinvertebrate abundance were conducted (Ecology
1992b, as cited by RETEC 1996a). Analytical data from the sediment
investigation are presented in Appendix C.

Hart Crowser

After the work described under the 1988 Consent Decree was completed,
Ecology and Quendail Terminals entered into an Agreed Order in 1993 for an
RI/FS at the site. The work to be performed included a supplemental remedial
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investigation, a risk assessment, and a.feasibility study. Hart Crowser was
hired to perform this work in 1995 and 1996, which included additional field
investigations to further delineate the nature and extent of contamination.
Hart Crowser’s field activities are listed below:

e Excavated 9 test pits (TP-1 through TP-9)
e Drilled 9 soil borings (HC-1 through HC-8, and BH-28)

e Installed 1 monitoring well (BH-28)

R
SW-1 through SW-6).

[ric. (RETEC)
igmumber of environmental investigations on the

EE compiled and reviewed available sediment, soil,
g ater, surface water, and toxicity data from the Quendall
Haxfcr, and Pan Abode properties. RETEC subsequently

: hallow sediment sampling, wood waste surveying, wood waste
characterization, shoreline core sampling to identify locations of NAPL seeps
to sediment, and supplemental chemistry (RETEC 1996b). These tasks were
completed, and RETEC presented the results in its Draft Sediment Quality
Memorandum (1997b). In summary, the sediment investigation included:

e Bathymetric survey of the lake bottom
e Delineation of lake bottom wood debris

e Coring of subsurface sediment along the Quendall Terminals -

shoreline and analysis of sediment (EPA Method 8020 and/ or
EPA 8260)

¢ Biological testing of sediments

JAGCO0-02438-770 1-9
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e Elutriate testing of Quendall Terminals sediment

e Sampling of sediment infauna and macrofauna.

In 1997, RETEC submitted to Ecology a review of the upland soil conditions

in the Upland Constituents Memorandum (RETEC 1997c). Upland soil
conditions were assessed by reviewing field and laboratory analytical data, as

well as all available field observations. The distribution of affected soil
within the project area was.outlined, and areas of the site were delineated
according to the extent and type of contamination. Affected soil volumes for
various cleanup criteria were also calculated. Analytx:’?? data from the
RETEC mvestlgatxons are included in Appendlces AR, afid C.

Exponent “
Exponent conducted an assessment 0f e Gatic Quendall
Terminals Property. The objective of thxsz', ’ 3 >idéntify whether

deleterious effects on benthic orgamsm&s

Ogiated with the ‘gray zone
sedunents that had been identified in prev1ous ' T

"'- F-cology comments on the Exponent
(ﬁ Feasibility Study (Exponent, 1999)
‘ Ans¢Exponent, 1999), ThermoRetec developed

sampling program. The. investigation included

e 'g a groundwater flow model to predxct transport from upland
l-'m . A total of 20 wellpoints were installed along transects in-line
] _‘t@‘aﬁﬁt’- g upland shoreline wells. Existing shallow aquifer shoreline wells
were present at each of the five upland locations. Because co-located deep
aquifer wells were only present at three of the shoreline well locations, it was
necessary to install two additional deep aquifer wells.

Water samples were - collected at each of the 10 upland wells and 18
wellpoints using low-flow techniques. Samples could not be obtained from
two of the wellpoint locations. Samples were analyzed for PAHs and BTEX
compounds using the SIM-Pro method to achieve low detection limits as
requested by Ecology. Results of the sampling are summarized below.
Methods and results are described in detail in Appendix D.
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o The nearshore PAH seep near Quendall Pond may be larger than
anticipated, as shown by high levels of contamination detected in
well points WP-19A and WP-19B.

e Well point WP-20B, approximately 250 feet from shore, contains
high concentrations of benzene and naphthalene. This unexpected
contamination could be caused by a NAPL source located in the
sediments near the wellpoint. Alternatively, contamination in the
deep groundwater could be more extensive than initially estimated.

. NAPL may be present w1thm the sand/gravel ger as shown by
e at well BH- 20B

surface water. Contaminatior<y 5 \
three well points offshore o' 1*<thezNorth Sump area: WP-18A,
WP-18B, of WP-18C. 3 >

e Carcinogenic PAH ¢ & "r iyere, £C und in only two shoreline
wells (BH-20A £ ' ;i

quality. < {Orn, : Were chosen where data gaps existed and were
; FOm aner sampling location. Groundwater and/or soil
1'; d, from 19 boring locations. Samples were tested for

1.5 Disclaimer

Any work or work product addressed in this document or cross-referenced
herein and performed or to be performed by the City in the identified
Quendall Terminals area has been or will be undertaken only for the purpose
of determining the feasibility of the redevelopment project. This analysis is
only applicable for the developments currently under consideration.

The City is submitting this document with the understanding that no
independent liabilities shall be assumed by the City under MTCA or any
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comparable federal or state environmental laws should the City elect not to
complete the Quendall Terminals property purchase. The current owners of
the Quendall Terminals property have authorized this submittal without being
committed to, or bound by, the content of this RI/FS.
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2 Physical Site Setting

This section describes the site geology, hydrogeology and the site lacustrine
environment. Previous investigations were summarized in the Remedial
Investigation Report (Hart Crowser, 1997) and lacustrine information
collected by ThermoRetec was summarized in the Sediment Quality
Memorandum (RETEC, 1997m). The purpose of this section is to outline
physical characteristics of the site that may impact contaminant migration and
distribution or the selection of cleanup approaches.

2.1 Hydrogeologic Setting

2.1.1 Regional Geology

The Quendall Terminals Property is lod within the BygeeiSPand Basin,
which is situated between the Olympic N fﬁﬁi\iﬁu s to the westanid the northern
Cascade. Range to the east. The regionalgto raphy and subsurface geology

major advances of glacial ice acrgsSéthe ot d Basin (Galster and
Laprade, 1991). These glac1al VATTCESHAT eats, along with interglacial
penods of erosion and depo

fon haffe proiat

/ashon Drift is generally differentiated into four
Esperance Sand, Vashon Till and Vashon -

Tt from the Coalﬁeld Drift Upland to the south and terminates on the
eastern edge of the Lake Washington Trough. Glacial troughs such as the
Kennydale Channel typically include high energy Vashon recessional deposits
of coarse sand, gravel and cobbles with some deeper, glacially compacted till
possibly present, all overlain by Post-Vashon fluvial and lacustrine deposits of
gravel, sand, silt, clay and peat.

Bedrock has been locally mapped at or near the surface in a generally east-
west trend, forming Alki Point in West Seattle, Beacon Hill in Seattle and the
Newcastle Hills east of Lake Washington and then continuing east toward the
northern Cascades. The core of the Newcastle Hills promontory is composed
of middle to late Eocene Tukwila and Renton Formations of the Puget Group.
The Tukwila Formation consists of volcaniclastic sandstone, siltstone and’
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shale, with the conformably overlying Renton Formation composed of arkosic
sandstone, siltstone, shale and coal (USGS, 1970). Extractable coal seams in
the Renton and Black Diamond areas ranged from 11 to 17 feet in thickness
where mining began in the early 1870s. Due to folding and faulting of the
Renton Formation and undifferentiated Puget Group, the mines tended to be
small and the mining conditions difficult. Subbituminous coal from the
Renton Number 1, 2 and 3 seams was extracted from the Renton area, with
bituminous coal mined from the McKay seam in the Black Diamond area.

21.2 Site Geology and Hydrology

The Quendall Terminals Property is located on tl
Washington on the former delta of May feek, "':
remaining within the glacial Kennydale | C annel
the site is a combination of fluviaks deltm
constructed fill deposits overlying Pleistoc geent
volcanic and sedxmentary bedrock. The '

3 % shore of Lake
is,an underfit,_stream

B
i “-f ;-

T Ject area sub ace geology has been made using
oring Awell g ¢Slogic logs and test pit sidewall
-T?"'- e ?3— ed by environmental and geotechmcal

An interpretation of the,
soil bormg and mom

he Lower Sand Unit, and

e The Sandy Gravel Unit.

These five units comprise the subsurface interval, part of which has been
impacted by past site activities or which could influence groundwater
movement through an impacted area. These major units also include some
‘localized subunits, which are further described below. Representative cross
sections of the Quendall Terminals subsurface geology are presented on
Figures 2-1 through 2-4.
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Fill Unit _
The fill unit ranges in thickness across the project area up to 14 feet with
greater thickness along the shoreline. The fill zone includes dredged material
consisting primarily of silty- to medium- grained sand, as well as imported
material including clay, silt, sand, gravel, construction rubble, wood and other
debris. The dredged fill appears very similar to May Creek deltaic deposits -
and it is difficult to differentiate without the presence of discarded debris or
other obvious indicators. On most of the site, the fill zone corresponds to the
unsaturated zone, although some sections of fill material are located below the

shallow water table.

This fill unit has a wood waste subunit thati; grtifiztely located offshore
in the southwestern comner of the Quend erm PEC (Flgur -2). It
ranges in thickness from 0 to 5 feet (avergmg nd;isicomposed of 90
to 100% wood waste and up to 10% silf; i‘ andg. arbor of the
Quendall Terminals was used as a log raffi§toripe area and bark accumulated

below these rafts; forming this unit.

Upper Sand Unit

The upper sand unit ranges ing¢ TV
the silty peat unit. This unif consist coarse, loose, wet sand with
occasional silt and peat Jep: es upéic .5
fhtand, ¢4 and gravelly towards the south and
A b Hnit is an‘ﬁ” ‘water-bearing unit of the upper aquifer
and Eqpiamy) YeliaH solv { contamination.

allyzfionze ntmuous throughout the property. It is located above
4 s in thickness from 0 to 10 feet. It is comprised of silt
ional lenses and interbeds of clay, silt, and sand. It is

The silty peat unit is comprised of soft to stiff dark brown to gray silty peat,
mica rich organic silt and silty fine-grained sand with interbedded gray and
brown clay, silt, sand and occasional ash lenses. The organic matter in this
unit consists of twigs and leaves. The silty peat acts as an aquitard (confining
layer) between the upper and lower aquifers and appears to prevent DNAPL
from sinking to the lower aquifer. The DNAPL tends to pool on the surface of
the silty peat. This silty peat unit is most prominent in the northern segment
of the Quendall Terminals log yard. The silty peat unit was encountered in
soil borings with thicknesses up to 15 feet (average thickness of 4 feet), and
was noted at depths up to 24 feet below ground surface (bgs) (average depth
of 10 feet). The silty peat unit is generally sloping west toward Lake
Washington except for the area around BH-17A and BH-17B in the southeast
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comer of the property where the silty peat slopes off to the southeast. Water
levels in wells that intercept the upper fill and silty peat units are shallow and
relatively stable, with depths to water between 7 and 13 feet. The average
shallow groundwater contour map for the project area is.shown on Figure 2-5
(RETEC, ****).

LoWer Sand Unit

The lower sand unit is generally located directly beneath the silty peat unit,
occasionally beneath the silty sand unit, and always above the sandy gravel
unit. The lower sand unit is greenish to dark gray, loose®fine to coarse-
grained sand with occasmnal gravel and mterbed y and brown silty

;,;_g:n ists of gray 51lty sand to fine
sand and silt, soft to stiff, wet with .,y-ff' el
lenses and interbeds. The subunit alse '

ranges in thickness from 0 to 25 fegts

¢ organics. This unit

E‘, lowd unit oserved on the Quendall property,
S f 50 fée orm The sandy gravel unit consists of

& &t of the site, has a groundwater flow toward the west and
____,_go Lake Washington. Groundwater modeling performed by

Accordmg to the site well gauging data, the lower confined aquifer has a
potentiometric surface that is lower than the upper water table toward the east
and higher than or equal to the upper water table toward the shoreline
(RETEC, 1998). _

2.1.3 Hydraulic Parameters

Shallow wells are generally screened across the upper sand, silty peat, and
lower sand units, as a result, shallow hydraulic data represents a composite of
these three units. Hydrogeologic investigations of these shallow layers have
resulted in hydraulic conductivity estimates ranging from 0.3 to 30 feet per
day (ft/day). The average conductivity estimate for the layer is 3 f/day. The
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heterogeneity of the layer is reflected in the large range of the estimated
values. The lower estimates are associated with silt and clay lenses, whereas
the higher values are associated with sand lenses. Six wells are screened over
both the shallow layer and a saturated portion of the fill unit; the conductivity
estimates from these wells were analyzed as part of the shallow layer.

Two slug tests were completed in the sandy gravel unit and provide an
estimated hydraulic conductivity of 5.7 ft/day and 57 ft/day.

Previous investigations have estimated the shallow layer orosity between
0.28 and 0.32 (unitless) (Woodward Clyde 1990). ed’
effective porosity of the sandy gravel unit is gstxmat e_en 0.20 and 0.25.

2.2 Site Lacustrme EnV|ro s“"

shoreline. The use of Lake Washmgton h3
past site activities, including barge oﬂ'—lﬁ?ﬁdm
The current shorelme charactensth

Three wetlands exist onsite -: etlan A, ) )
A.20 ‘»b

-6 Hydrology in wetl FA an% is c@ trolled by the lake level, and only

own by the bathymetric contours on Figure 2-7, the lake bottom is
relatively flat between the inner and outer harbor lines. The average slope
over this interval is 3 feet vertical and 100 feet lateral. Water depths at the
outer harbor line range from 26 to 31 feet (as measured at normal high water
line) in most of the area. The bathymetric survey is consistent with USGS
maps for the area. These show similar water depths at the outer harbor line.
The USGS maps also show that on a transect toward Mercer Island from the
Quendall Terminals property, the maximum water depth reached is
approximately 70 feet.
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The nearshore bathymetry is less uniform than that in the outer harbor area,
ranging from gradual slopes to relatively steep slopes and bulkhead areas. In
addition, there is a sand spit located just north of the mid-Quendall shoreline.

Acoustic surveys of the Harbor Lease areas confirmed that logs, log bundles

and other debris are present on the lake bottom. Log densities ranged from

less than 1 log per acre near the outer harbor line, to greater than 5 logs per’
acre near the Quendall log dump. Three log bundles were identified on the

lake bottom.

es were located -
the Metro inceptor
ements fo those

Just to the north of the Quendall Terminals property,z t111
on the lake bottom offshore from the PSPL N ubstati 7
pmnpmg statlon These locations are CcopSt ent

Quendall T-Dock.

Besides the logs and utility lines, the
concrete anchors and metal debris.
compared to the log debris.

A fitte silVmud with a small particle size. However,
ea®in which a more sandy bottom was evident in the SPI

During the beach surveys, additional areas of sandy sediment were noted.
These included two short stretches of beach along the Quendall terminals
property. One of these was located north of the former mouth of May Creek,
just north of the Quendall log dump. The second was located just south of the
Quendall sand spit. In this latter location, the beach was generally covered
with a thick layer of wood waste and bark, but sand was noted at water depths
ranging from 1 to 4 feet below the low water line.

2.2.3 Sediment Infauna, Macrofauna and Flora

During the SPI survey, video transects, and sediment grab sampling,
observations were made regarding sediment-dwelling organisms, macrofauna
and flora. These observations were qualitative in nature, as they were
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collected inadvertently during sampling for other parameters. Sediment-
dwelling infauna noted during sampling included the following:

e Chironomids

e Amphipods

e Oligochaetes

* Annelids
Macrofauna noted during video transects and grab sampling included the
following: \ &

e Crayfish

e Smallmouth bass
L Sculp;i_n

e Perch
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3 Nature and Extent of Contamination

Several investigations of potential contamination within the Quendall
Terminals Property have been performed, generating a large volume of
chemical data and visual observations of soil quality. Comprehensive
summaries of project area historical information, regulatory records, and-
environmental data have been provided in the Remedial Investigation Report
(Hart Crowser 1997). This existing data was incorporated with data collected
by ThermoRetec during the previous due diligence processand subsequent
mvesﬁganons to develop an mterpretatlon of current szl ¢onditions. This

—3: .

discussed in Section 4 to determine the t o

thereby allowmg conceptual demgn,and ,;‘t?':u“n_\{ : oleanup
é".. . 45 A SR

nggbay north of the still area where mounds of material
¢h in 1936 and 1946 aerial photographs.

disposal in this area.

3.1.2East Site Area

e Water supply wells along the east site boundary, which reportedly
became contaminated over time.

e The still house, which had a dirt floor and spillage reportedly occurred.
e Rail loading facilities south of still near original Tanks 1 through 5.

e Loading rack on the east side of the railroad tracks across from the still
area.
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3.1.3South Site Area

e Discharge of still condenser leakage to the sewer lines, especially to a
sewer outfall in the southern site area.

e A dump area just south of the original tanks (Tanks 1 through 5) in the
approximate area of an old drainage channel.

3.1.40ffshore Area
e A substantial spill of creosote/coal tar in the 1940s_at the end of the

wharf and pipe trestle (T-pier) during&off;l6ading operations

(estimated at 30,000 gallons). : e

provided pro;ect area subsurfacb*genlogival i atlon as well as soil,
groundwater, and vapor a;@%al d‘W -yﬁ?ﬂw showing data locatlons
depths, and results used to,dete ‘?mpac

the Upland Constltuen@ mordndum (f

ay f{?ri'lronmental samples collected from the former
:;__’5\ uendall Terminals Property is included in the
Fpation Report (RI; Hart Crowser, 1997). A summary of

Vet on smapling locatlons at the Quenda.ll Terminals Property.

3.3 Soil Impacts

Elevated PAH concentrations have been detected in upland soil. Soil impacts

range from low-level (ng/kg) concentrations of heavy-end coal-tar residuals to
percent-level PAH contamination in other areas. Also, localized areas contain
free product, and other areas are impacted by light-end coal-tar distillates such
as benzene (RETEC 1996b). Contamination of site soils with PAH
compounds and benzene is discussed below.
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3.3.1Polycyclic Aromatlc Hydrocarbon Compounds in
Soil

Soil samples for PAH analyses were collected over a range of depths from
ground surface to a maximum sample depth of 44 feet below ground surface.
The analyses were performed using EPA Method 8270 and various field
screening methods including gas chromatography screen, fluorescence screen,
and immunoassay analytical techniques. Appendix A includes all available
soil analytical results for individual, total, and carcinogenic PAH (CPAH)
compounds at each location and date; the method of detectlo, and the depth
interval of the sample. The fluorescence screening data w- not available for
inclusion in this report. 4

figures show the concentration of e D
sampled for each location.

Estimated total PAH (TPAH) conceritfatio.
limit to 37,220 mg/kg (HC-7), gl maiwdual PAF

highest concentration was nghthale 23 ‘l’ ehgentration of 11, 000 mg/kg in
a sample from HC-7. e if; ;

'll -’1@}}&
analyses were generally performed using either EPA Method 8020 or
8260 with detected concentrations rangmg from 170 to 4,800 pg/kg The
maximum concentration was found in the sample from RB-9 in 2001.

Appendix A includes soil analytical results for benzene.

3.4 Groundwater Impacts

Past activities at the Quendall Terminals site have resulted in impacts to
groundwater quality. PAH compounds and benzene have been detected in
groundwater. The nature and extent of these chemicals in groundwater is
discussed in more detail below. Saturated zone NAPL is also discussed in this
section.
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3.4.1Polycyclic Aromatic Hydrocarbons in
Groundwater -

Appendix B includes all available PAH data for site groundwater. Results
show that areas of elevated PAH concentrations in groundwater appear to be
associated with the former May Creek channel, the still house area, Quendail
Pond, and the north sump area. '

The 2001 mudline investigation conducted by RETEC included groundwater
sampling of 10 shoreline wells and 18 wellpoint locations in Lake Washington
at multiple depths in the upper and lower gwate =earmg aquifers.
Concentrations of total PAH in groundwaterv angedé O ¢fon-detect to 15,098

: ﬁj:gj;}: ene.. i;,: ighest

e Shally Water at
locations associated with the Quendal _. grea (WP- ,g’awﬁl -19B, and
BH-20A). Figures 3-4 and 3-5 shows th'hthalene concentrations detected

emc PAHSs were detected only
%ﬁ?"_ %
t as 1nat

in the shallow and deep groundwater. Ca
in two monitoring wells and one wero

2 o)
> e o5
Ll

EVIQUS investigations indicated that
sgappear to be located in the areas
c%he former May Creek channel, the

A d'}{hese findings with concentrations of
2t rangmg from not detected to 12 mg/L Benzene

reported in multiple areas of the Quendall Terminals property. Boring, well,
and trench logs for the property include written observations describing liquid
product and nonliquid residuals such as pitch, coke, coal-like materials, and
stained soils. The available logs and field observations of soils showing
evidence of product were compiled by RETEC.

From the historical logs and data, onsite areas affected by DNAPL were
identified and are shown in Figure 3-9. The occurrence of DNAPL has been
identified in five areas of the site:

e North sump area

e South sump area
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¢ Quendall Pond
o Still house area
e Former May Creek channel.

Much of the hydrocarbon product noted in boring logs is present below the
water table. However, the product appears to have remained within a sandy
layer immediately above a silty peat layer present in the shallow soils. The
free product was analyzed, and the results showed a distribution of PAH
compounds and the presence of dibenzofuran and carbazole, consistent with a
creosote or coal-tar source. \ &

- Based on the location and depth of the DN d2in Lake Washington
sediment, it appears that the nearshore ar ctedib; NAPL orifinating
from upland seeps. Sediment DNAPI;}ASI catig 1f5 are adiac tgFconfirmed
deposits of upland DNAPL and areas %‘_ -:e ' 4nd benzene
concentrations in groundwater.

North Sump Area , _

During operation of the Reillygfar‘and:EhemicalTefinery, wastewater was
discharged to the north sumpy which/collected@settleable solids: The north
sump was excavated to, %;u ov o) duct after the refinery closed;

however DNAPL was su
detected in boring

consi
Washi

€ quex it y dete_e d in several bormgs DNAPL was

delmeatLo ' 001 mdlcates that the plume is moving in a more
- westeg d1rec m sindicated on Figure 3-9. These findings are confirmed by
thelD 111ustratxogoif§t?e silty peat surface that shows troughs in the silty peat

er that c:rj?product
: outh Sump Area

3T

i “sump received effluent from coolmg lines and contaminated with
creosote and tars. Free product has been encountered in one boring (BH-8)
located in the south sump area, but not in other borings in the vicinity. The
product is contained as a pool on a silty peat layer within the sand shown in
Figure 2-3.

Quendall Pond

The Quendall Pond plume is shown in Figure 3-9. Along the shoreline
downgradient of Quendall Pond, DNAPL was observed in two vibracore
samples, VS-30 and VS-4. The DNAPL in core VS-4 was overlain by
materials containing no evidence of contamination, indicating that the
DNAPL had moved to that location by means of lateral transport. The
DNAPL detected in VS-30 was at an intermediate location between the
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uplands DNAPL and that found in VS-4. No DNAPL was noted in the four
cores taken downgradient of VS-4 (VS-27, VS-20, VS-17, and core F),
thereby defining the westernmost boundary of the plume in the vicinity of VS-
4, .

Still House

NAPL was reported in several borings (HC-5, B-4, HC-4, and BH-25A) in the |
still house area which includes several historic tank sites. As with the other
plumes, the product is contained within the shallow unit.

f ', cSIgt appear to_extend
away DN/ ociated
ing*omhessilty peat in a

% and /‘ konent (2000) Samplmg by
7 0

RETEC (1997b) consi s samples Vibracore deep sampling,
a sedlment proﬁl Hera . leCI‘ survey, a towed-camera video
transeé - 1ymetric surveys, and side-scan sonar

_a‘ o S .
cha:actens ICS205, WoOdy 4s

cot data are presented in Appendix C.

3.5.1Polycyclic Aromatic Hydrocarbons in Sediment

In the nearshore area, PAH contamination in sediment was detected at
concentrations up to 28,644 mg/kg (EPA-1) (Figure 3-10). High PAH
concentrations were generally found in the DNAPL-affected areas. PAH
concentrations were measured at multiple depths to determine the extent of
shallow-zone contamination. Samples from areas showing no evidence of
DNAPL (VS-27, VS-20, VS-18, and VS-21) all indicated a shallow
contaminated zone that is less than 2 feet deep (RETEC 1997b).
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In the T-dock area, contamination is assumed to have originated from coal-tar
spills during historical operations (RETEC 1997b). The PAH contamination
at the T-dock is generally present in a discrete layer less than 1 foot thick with
a maximum depth of 3.5 feet. Vibracore samples revealed coal-tar
contamination in the upper few inches of sediment. Cleaner material was
often found overlaying the contaminated layer (samples S-51, S-60, S-46, S-
45). The deepest reported PAH contamination was 297 mg/kg at 2.5 feet
~ (EPA-1). No DNAPL seeps or pockets of contamination were noted in core
tubes advanced to a depth of 17 feet below the mudline (RETEC 1997b).
Data from RETEC’s Phase I sampling event was combine with the earlier
EPA and Ecology investigations to estimate the areagef sedrment where PAH
concentrations exceed 100 mg/kg (Figure 3%0) $tal area of sediments
with PAH concentrations exceedmg 1065 g/kg Jmathel ar

3.5.2Benzene in Sediment

In the nearshore area, elevated benzéfie o trations were detected in
vibracore samples during RETEC’s B » 11 samp ‘s _Benzene was detected
in sample VS-30 (nearshore ngﬁ; AT

260 mg/kg; in sample VS- 2 ac f;xcen tm f 24 mg/kg; and in sample
VS-21 ata concenu-atlon 78 g (mﬁ-%c 1998), suggestmg that these
borings are located near y

a buted to attenuatlon of volatile organic compounds
arid leaching (RETEC 1997b).

andthe resource agencies developed a measurement protocol for quannfymg
the extent of wood waste in sediment within the project area. Wood waste is
regulated by Ecology as an “other deleterious substance” as defined by the
Sediment Management Standards (SMS). The extent of wood waste was
determined during RETEC’s Phase I and Phase II investigations (RETEC
1997b).

As defined in Ecology’s protocol, sediment exceeding 50 percent wood waste
by volume is assumed to be deleterious and require remedial action. No
additional testing was considered necessary for characterization of this
sediment (RETEC 1997b). From the sediment profile imaging survey, the
percent of wood by. volume was measured for the 0 to 10 centimeter depth
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interval by measuring the two-dimensional area of wood material visible in
the sediment profile images. The lateral coverage of wood waste in sediment
was then measured using the video transect data. An area exceeds the
remedial action threshold if both the sediment profile imaging survey and
video transect data show greater than 50 percent wood waste. The principal
area of wood waste exceeding 50 percent was identified as the area offshore
of the Quendall Terminals log dump (Figure 3-11). The volume of the wood
waste/sediment is approximately 48,000 cubic yards (RETEC 1997b).

- 3.5.4Benthic Habitat

The sediment that showed less than 50 percent wo u'el’g,i ﬁy e was screened to
estimate disturbance levels (RETEC 199%) @4- = geasure of benthic
disturbance is the thickness or depth of ? oxygengtedtzonm: ieof the g€diment.

5”’9'?' i %% potential

N "’:':gr,\q g

¥oxides indicating oxygenated
ed (oxygen—poor) sediments are

¢
) time (RETEC 1997b). In the case of Quendall
F , three main factors may affect the RPD: 1) physical
{irbance, such Sl _i rolling on the lake floor, 2) oxygen depletion due to
ts of large affounts of wood waste, leading to bacterial breakdown of the
i od, and 3) oxygen depletion due to bacterial degradation of contaminants in
Hhe ake sedimients. A lack of oxygen diminishes the depth of the RPD and
in diminishing populations of benthic infauna and macrofauna

oS
sipported in the sediments.

The RPD can be useful to assess the physical and biological quality of a
habitat for epifauna and infauna. The depth of the apparent RPD in profile
images has been shown to be related to the quality of the benthic habitat in
marine and estuarine sediment (Rhoads and Germano 1986; Revelas et al.
1987; Day et al. 1988; Diaz and Schaffner 1988a; Valente et al. 1992).
Accounting for differences in sediment type and physical disturbance factors,
thin RPDs may be indicative of chronic benthic environmental stress or recent
disturbance.

Relative trends in apparent RPD depths are indicative of overall benthic
disturbance regimes. Thinner RPDs generally point to areas subject to either
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physical stress (e.g., scouring by prop wash) or chemical stress (e.g., high
sediment oxygen demand or chemical contamination). The shallowest RPD
depths at the site (less than 0.2 cm) occurred in a contiguous nearshore area
that stretched between and connected the areas with greater than 50 percent
wood waste. This reduced RPD thickness could be due to the physical
disturbances caused by grounding and rolling of log debris, prop wash from
log handling boats, and organic enrichment resulting from the widespread
inputs of wood waste. A strong population of sediment-reworking benthic
infauna was observed in undisturbed areas. However, in the inner areas of the

site, the disturbance appears to have prevented s1m11ar Jenthic infaunal
development (RETEC 1997b). v &
Surrounding the highly disturbed area, ’L@Oad sWathiof, anlﬁfbonom
exhibited intermediate RPD values (0. 0.8 ¢fr). <Ehrsiregiondéxtended
from the outer harbor line off of the Quedal ‘Perminals pr p- south past
Barbee Mill to the May Creek delta (Fi 'eﬁg) Stresses to the benthic
envuonment in this area are likely vane’ 13’(5r cattered wood debris and
‘thlc assemblages. In
lablle orgamc matter

Exponent conducted an assessment of the sediment at the Quendall Terminals
property in the summer of 2000 (Exponent, 2000). The objective of this
assessment was to determine whether deleterious effects on benthic organisms
are associated with the “gray zone” sediment that had been identified in
previous site investigations based on the criteria of a wood waste content of
less than 50 percent and an observed redox potential discontinuity of less than
0.8 cm. The potential for deleterious effects on benthic organisms was
assessed using laboratory toxicity tests conducted with field-collected
sediment samples. Ancillary data were also collected on physical and
chemical characteristics of the sediment samples.
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The testing methods and interpretative guidelines were developed in
consultation with Ecology and were discussed with representatives of the U.S.
Army Corps of Engineers, the Washington Department of Natural resources,
the U.s. Environmental Protection Agency (EPA), and the Muckleshoot Tribe.
Conceptually, the guidelines parallel the marine sediment quality standard
(SQS) and cleanup screening level (CSL) guidelines are included. The.
Washington SMS define the SQS as representing “no adverse effects” level
and, generally speaking, sediment needs not be considered for remediation
unless toxicity results exceed the CSL guidelines. The results for each
toxicity test conducted on the gray zone sediment were compared with site-
specific SQS and CSL guidelines.

tentans) survival and growth test, and:
porewater test. In addition to the test an‘

(03,¢
either the SQS or CSL gurdelmes For the 1 :j;' C. tentans tests, most of the
effects were detected werg _"felatr)ggly mingf. The mean mortalrty results for

ded thf CSL guidelines in several areas.
cBs for the biomass endpoint in the 21-

"e-\and its sensitivity. The results suggested that a large
pogtlon of the grayggzone does not need be considered for remediation. The
Mammg gray zgne (Figure 3-12) represents a CSL exceedance and requires
?'Teﬁledlatron #
3.6 Sﬁtt'*e&e’onceptual Model
Figure 3-13 shows a conceptual model of contaminant sources and transport
pathways through the central area of the Quendall Terminals site. NAPL and
groundwater impacts can be correlated to source areas. NAPL distribution
and migration is governed by site stratigraphy, and Figure 3-13 shows that
DNAPL pools have accumulated in depressions in the top of the silty peat
layer. Dips in the silty peat layer have caused DNAPL to migrate underneath

Lake Washington.

Figure 3-14 shows the upper surface of the silty peat unit and includes the data
points, upper and lower shorelines, and the Quendall property lines. This
layer shows a high degree of heterogeneity both vertically and horizontally
and is saturated over most of its depth.
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Dissolved-phase groundwater impacts are closely correlated to the presence of
NAPL. The NAPL beneath the lake has resulted in mudline groundwater
concentrations that exceed surface water standards. The PAHs that have been
detected in groundwater are predominantly the lighter-end PAHs, which are
more readily treatable than the heavy-end constituents. Groundwater flow
direction is toward Lake Washington.
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4

4.1

Remedial Objectives and Cleanup
Levels

This section develops appropriate remedial action objectives and cleanup
levels for groundwater, soil, and sediment. A review of "legally applicable
requirements” and "relevant and appropriate requirements” is performed to
support selection of cleanup levels.

Media and Constituents of Conce.

concern at the Quendall Property. Thes een predominantly
impacted through contact with coal tar i coal Pf” ough a
portion of the sediment impact is bas d on The
aforemennoned medla and the asso oncern are

Medium
Groundwater g PAH
Benzene
PAH
Benzene

Benthic disturbance in gray zone
Greater than 50% Wood Waste
PAH

rovides a brief summary of the overall objectives of remediation

16& These objectives have been selected based on compliance with
MT CA and SMS regulatory criteria and the conceptual land-use proposed.
Proposed objectives of remediation activities include:

e Protection of aquatic life in surface water and sediment from exposure
to constituents of concern above protective levels,

e Protection of groundwater to a level that is protective of surface water
and sediment,

¢ Protection of humans who consume aquatic organisms from exposure
to tissue containing constituents of concern above protective levels,
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. Protecuon of humans from direct contact with soil containing
“constituents of concern above protective levels, and

e Removal or containment of impacted sediment to a level that will
create no adverse effects on biological resources and human health.

4.3 Potentially Applicable Requirements

MTCA requires that all cleanup actions comply with applicable state and
federal laws (WAC 173-340-360(2)). MTCA defines applicable state and

federal laws to include "legally applicable requirements” 4

" appropriate requirements."

d "relevant and

Medium Comments
Groundwater Anticipated to be
Surface Water relevant and

4 o appropriate to site
720 and 730) remediation. Surface
water cleanup levels
are reported in Table
4-5,
Sedimen Sediment SMS cleanup levels
sedl Iy ents that have no | Management have not been
adygrse effects on Standards promulgated for fresh-
gidlogical resources (WAC 173-204) water sediments. Site- .
and correspond to no specific cleanup levels
significant health risk to are developed on a
humans. case-by-case basis as
are cleanup levels for
other deleterious
substances (WAC
173-204-100(3))
Surface Water Ambient water quality Federal Water MTCA requires the
' criteria for the Pollution Control - attainment of water
protection of aquatic Act/ Clean Water quality criteria where
organisms and human | Act (CWA) relevant to the
heaith. (33 USC 1251- circumstances of the
1376; release. Ambient water
40 CFR 100-149) criteria and Water
40 CFR 131 Quality Standards for
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the human
consumptjon of
organisms at 1 x 107°
risk is anticipated to be
relevant for

standards; conventional
water quality

parameters and toxic
criteria.

groundwater (Table 4-
5).
Drinking Water SDWA National Safe Drinking Not anticipated as
Primary Drinking Water | Water Act applicable to surface
Standards: Maximum (SDWA) water cleanup levels
Contaminant Levels 40 CFR 141 O restriction on
(MCLs), Maximum ake Washington
Contaminant Level water rights (WAC
Goals (MCLGSs), >
Proposed MCLs and
MCLGs. . gk
Surface Water . State water quality Wasg] Narta'g"ﬁ' '“’and

I Washington has been

quantitative limitations
for surface water
protection. Lake -

classified as “Lake
Class” water, although
restrictions on Lake
Washington water
rights (WAC 173-508)
indicate that the
characteristic use of
water for water supply
is not applicable and
the “Lake Class”
designation only
applies to aquatic
resource protection.

Resource Not anticipated as
Conservation and applicable since
Recovery Act hazardous waste will
(RCRA) not be generated

(40 CFR during cleanup.
261.24.10-11

Subpart B).

4.3.2L aws -Applicable to Treatment and Disposal

This section provides a summary of laws that impact the management of soil,
water, and sediment during the treatment and disposal process. These
requirements may impact the implementability and cost of remedial

alternatives.
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Table 4-3 Potentially Applicable Requnrements—Treatment

and Disposal

Activity

Requirement

Citation

Comments

Discharge to
Surface Water

Point-source standards
for discharges into
surface water bodies.
Applicable to point-
source discharge or
site runoff directed to
surface water body.

Federal criteria for
water quality to protect
human health and
aquatic life. Enforced
under state water
quality laws and
MTCA.

State Water Quality
Standards for Surface
Water.

National Pollutant Discharge
Elimination System (NPDES)
(40 CFR 122, 125)

State Discharge Permit
Program; NPDES Program
(WAC 173-216, -220)

Anticipated to be
refevant if discharged
to on-site water body.
Discharges must
comply with
jbstantive .

i eqwrements of the
NPDES permit.

pplicable for off-site
} harg_e a permit
required.

Anticipated to be
relevant for remedial
measures involving this
activity.

Implementation of
federal requirement to
develop state water
quality control plan.
Narrative and
quantitative limitations
for surface and
groundwater protection
based on beneficial
uses. Anticipated as
relevant.

Point Sourg
or Other,
Defin
Emissi8E
Sourc

State implefengtion
of ambientigir quality
standard

: ambient and
sion standards.

Washington State Clean Air Act
(70.94 RCW)

General Requirements for Air
Pollution Sources
(WAC 173-400)

PSCAA Regulations | and ill

Potentially applicable
to remedial actions.

Designation of
Waste for
Disposal

State criteria for
dangerous waste,
which are broader than
federal criteria and
include toxicity and
persistence.

Washington Dangerous Waste
Regulations
(WAC 173-303)

Designation procedures
(Section -070)

The appropriate waste
designation should be
made for IDW or other
waste generated during
remedial actions,
according to WAC 173-
303-070(3)(i) through
(iv). These procedures
specify four types of
dangerous waste
determinations to be
made: discarded
chemical product
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(WAC 173-303-081),
listed dangerous waste
source (WAC 173-303-
082), characteristic
dangerous waste
(WAC 173-303-090),
and dangerous waste
criteria (WAC 173-303-
100). Further, waste
subject to federal land
disposal restrictions

2 considered

«/dangerous (WAC 173-

303-140).

Discharge
POTWs
(Publicly
Owned
Treatment
Works)

Act (RCW 90.48), Water
Resources Act (RCW 80.54),
Water Quality Standards for
Surface Water (WAC 173-201A)

Treatment, Effective November 8, |40 CFR 268 Fe‘dé?‘al La'ﬁa Not anticipated as
Storage, or 1988, disposal of Disposal Re applicablessince
Disposal of  |contaminated soilor  |WAC 173- 3. 1S waste will
Hazardous debris is subject to land{Disposal Re‘§tn tio s :be’generated
Wastes disposal prohibitions or dunng cleanup.
treatment standards.
Storage or Requirements for solid Applicable to non-
Disposal of |waste management. hazardous waste
Solid Wastes generated during
remedial activities.
Granular Anticipated to be
Activated nfaine relevant if technology is
Carbon Subpart J Tanks 40 CFR 264 |implemented.
Treatment Subpart X Misc. Units
General ©F|State Water Pollution Control  [Anticipated to be

applicable to remedial
technologies involving

- ldischarges to surface

water or groundwater.

Contammated water
must be pretreated to
certain limits prior to
discharge.

National Pretreatment
Standards (40 CFR 403); Metro
District Wastewater Discharge
Ordinance

Discharges to POTWs
are considered off-site
activities; pretreatment
and permitting
requirements would be
applicable.

Listed
Hazardous
Waste

Federal standards for
identifying and
managing hazardous
wastes.

Resource Conservation and
Recovery Act (RCRA)

(40 CFR 261.24.10-11 Subpart
B)

Not anticipated as
applicable since
hazardous waste wil
not be generated

during cleanup.
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4.3.3 Other Remediation Requirements

Other potentially applicable requirements that apply to remediation activities
are listed in this section. These requirements do not apply to cleanup levels or .
treatment and disposal activities, but place restrictions on how the remediation
may be performed. These requirements will also be considered in the
evaluation of alternatives for implementability and cost in this FS.

. Washington

Table 4-4 Potentially Applicable Requirements—Other

Remediation Activities

Location/Activity

Requirement/Prerequisite

Within 200 Feet of
Shoreline

Construction near shorelines
of statewide significance,
including marine waters and
wetlands.

anments

i1Anticifated to be
applicable.

Within 100-year
Floodplain

Within Floodplain

inland and cge

Not relevant. Site

Greaterthan 5 %
Acres

facnllty desugned operat d not located in
) ﬂoodplain.
Actions that will ocgfit in a & Not relevant. Site
floodplain (i.e., lowlands) gn not located in
relatively flat area ad]1 ng floodplain.
tal wafers pendix A)

WAC 173-226 Anticipated to be

RCW 90.48 applicable.

Executive Order 11990, |Potentially applicable

3 "- as defined by

, |Protection of Wetlands
(40 CFR 6, Appendix A)

requirement;
wetlands removed by
cleanup activities will

Species Depend

Department of the Interior.

(50 CFR Part 402)

Execltive Order 11930 EPA Wetland Actions  |be replaced at 1.5 to
tion 7. Requirement for no{Plan. (January 1989, 1 ratio and shoreline
gisinet loss of remaining OWWP) revegetation will be
wetlands. performed.
Critical Habitat Actions must be performed so [Endangered Species Chinook salmon,
upon Which as to conserve endangered or |Act of 1973 -|bald eagle, and bull
Endangered or threatened species, including |(16 USC 1531 et seq.) |troutlisted as
Threatened consultation with the (50 CFR Part 200) threatened species.

Within State Siting
Criteria for Waste
Management
Facilities

Siting criteria to be used as
initial screen for consideration
of solid or dangerous waste

facility sites.

WAC 173-304
WAC 173-303-
282(2)(b)(iii)

No new solid or
dangerous waste
management
facilities are planned.
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Construction in
State Waters

" [Requirements for construction

and development projects for
the protection of fish and
shellfish in state waters.

Construction in State
Waters, Hydraulic Code

|Rules (RCW 75.20;

WAC 220-1101),
Rivers and Harbors
Appropriation Act (33
USC 401, 40 CFR 230,
33 CFR 320, 322, 323,

U.S. Army Corps of
Engineers
Nationwide 38 Permit
anticipated to be
relevant to dredging
and filling below the
mean high-water line.

of the state.
Reporting requirements for
new water treatment facility.

Submission ofip

, 325)
Pump and Treat  |Specifications for the State Water Code and |Anticipated to be
extraction of groundwater or  {Water Rights (RCW relevant for
surface water that are waters (90.03, 90.14) contingent remedial

activities.
Potential relevant if

Air Emissigh

matter (PM,,), ozone, and
sulfur oxides emissions from a
*major”. source.

109; 40 CFR 50

not expected to
qualify as major
source unless: a)
emissions are
greater than 100
tons/year; or b)
emissions of a
specified air
contaminant occur.

Extraction/ Regulations and standards for - |Potentially relevant if
Reinjection the underground injection of contingent
hazardous waste and treate et groundwater
groundwater. State sta T « remedies are
for discharges to su r, 7 triggered.
water or reinjection 7 ACEHA
Prg ectlon of Upper .
:}a' ifer Zone
<fState Water Code and
” |Water Rights
Groundwate Federal: 40 CFR Not anticipated to be
Protection and “$galcar 264.94 relevant.
Monitoring foxr State: WAC 173-304-
ﬁ RERA 645(3)
264.90)
A iong ary and Clean Air Act, Section |Emissions from site
.:

Regional ambient air quality
standards applicable to
regulated air contaminant.

Puget Sound Clean Air
Agency (PSCAA)
Regulation 1l

Emissions from site
not expected to
qualify as major
source unless: a)
emissions are
greater than 100
tons/year; or b)
emissions of a
specified air
contaminant occur.
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Air Emissions National Emissions Standards |Clean Air Act Not anticipated to be
(Continued) for Hazardous Air Pollutants  |National Emissions relevant.
(NESHAPS) for Industrial -|Standards for
Emissions. Hazardous Air
Pollutants (NESHAPs),
40 CFR 61;
WAC 173-400-075 State
Emission Standards for
Hazardous Air
Pollutants
New Source Pretreatment 40 CFR 60 Potentially applicable
Standards applicable to new B |to releases from
source of hazardous air remedial actions.
ollutants.
Controls for New Sources of Potentiglly applicable
Toxic Air Pollutants for leaSes from
emission of any Class A or jedial actions.
Class B toxic air poliutant
(identified in WAC 173-460-
150 through -160) into =
ambient air. d%* Y
Regional Emission StandardSEIBSCAA REV”F‘ ton HI  |Potentially applicable
_|for Toxic Air Pollutants 2% "‘zgj o depending on
Source of toxic air £~ A7 3.# " [remedial technology
contaminant requig 5 used.
of constructlonﬁg .
Regional Emi§sion Standards WA Regulation | Potentially applicable
for fugitive dust. BA o] to releases from
control:dusk:s > remedial actions.
Monitoring/ IStandards] nstruction, |WAC 173-160-010 Anticipated to be
Extraction/ testing, andiabandonment of (through -303, -050 applicable
Recharge Wells \ rand reso:%protecﬁon through -060 requirement for
W remediation
SN activities.
Maximt k@@ﬁ&se levels Noise Control Act of Potentially relevant
gf 1974 (RCW 70.107; depending on
WAC 173-60) remedial activities
i V4 . selected.
‘ 5fohibits water pollution with |U.S. Fish and Wildlife |Relevant
' , ~|any substance deleterious to |Coordination Act requirement.
Subject to State fish, plant life, or bird life. (16 USC 661 et seq.)  |Adjacent water body
Fish and Game isused as a
Department salmonid migratory
route.
General Site worker health and safety. |WISHA (WAC 296-62) |Relevant requirement
Remediation OSHA (29 CFR for environmental
1910.120) remediation
Erosion and sedimentation operations.
controls. Puget Sound Water
Quality Management Relevant
Plan (RCW 90.70.070) [requirement.
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4.4 Poteritially Applicable-CIeanup Levels

This section presents cleanup levels which may be applicable for remediation
efforts conducted at the Quendall Property. Specific selection of cleanup
criteria and action levels will be discussed in more detail in Section 6 as they
pertain to the selected remedial action.

4.41 Groundwater Cleanup Levels

Table 4-5 provides a list of potentially applicable cleanup levels for
groundwater. These criteria include drinking water s face water, and
groundwater standards.

Maximum Contaminant Levels (MCLs) afg ,\ = PA in Dfinking
Water Regulations and Health Advisoriés _u""f" [ ;
perrmssxble level of a contaminant in wé _w_ la__g e Jitirs

fiddrds, for groundwater and surface

water. MTCA Method A values are «?ﬁf@ 173-340-700(3)(a) and

,
& 0-720 through 173-340-750." According
SiMethod B is applicable to all sites.” MTCA Method

".?\‘- ater values are taken d1rectly from the MTCA

ﬂﬁ*ﬁﬂg 1;‘_ A

Quantxtatxon Limits (PQLs) are mstrument-specxﬁc SO SW-846 simply
provides estimates (EQLs) of the PQLs and there is no standard reference for
PQLs. Local laboratories were surveyed to obtain estimates of achievable
PQLs using EPA Method 8270/SIM (selective ion monitoring). Various
analytical labs were surveyed and provided PQLs ranging from 0.1 to 0.3
ug/L; these values are included in Table 4-5. A limited number of laboratories
are able to achieve a PQL of 0.01 ug/L using EPA Method 8270/SIM-PRO.

Cleanup levels for groundwater were selected as the minimum of the
applicable cleanup standards for protection of surface water and human
consumption of organisms. In the event that this value was below the PQL,
the PQL was selected as the cleanup level as specified in WAC 173-340-
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700(6). No cleanup levels are available for acenaphthylene, phenanthrene, or
benzo(g,h,i)perylene. To demonstrate that the proposed remedy will result in
groundwater concentrations that are protective of sediment, modeling was
performed.

4.4.2  Soil Cleanup Levels

Potentially applicable soil cleanup levels are presented in Table 4-6. The
cleanup levels provided in this table include:

e MTCA Method B Direct Contact, and

groundwater. These values are calcu]
WAC 173-340-720 through 173-340 :

Each of the direct contact critg 'als ) a*i pongd 10-6 risk per compound
MTCA allows a total risk VL "‘3’
PAHs, usmg individual ¢ eanup 1 &

NEFCA , Ecology has included an alternate
‘Sgibcleanup leve]s protective of groundwater based on
” i This alternate method is included in WAC

iS5t on these cleanup criteria and minor changes in the
ia @ yill not impact the proposed soil remedy.
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5.1

Remedial Technologies

This section identifies and screens selected technologies that are potentially
applicable for remediation of soil, groundwater, and sediment at the Quendall
Terminals site. The media-specific technologies were selected on the basis of
the nature, type, and extent of contamination present at the site. In addition to

the media-specific remediation technologies, site-wide monitoring and

institutional control measures are identified and discussed.

A screening -level evaluation is provided to assess each media-specific
technology in terms of the technology s probable ef] ectivéfiess at achieving
¥afdthe criteria specified
Sires that most

minimize potential ir eI G L 1an , and the env1ronment
during implementa P

¢ Implementab i3
1mpleme 1 tm?the

screemng of remediation technologies for soil, groundwater,

are summarized in Tables 5-1 through 5-3. Specific
ica % of a given technology at the Quendall Terminals site are
fified, as appropriate. Based on the screening evaluation, the most
promising technologies were retained for potential incorporation into the
remedial alternatives in Section 6.

Technologies for Remediation of Soil

This section discusses technologies potentially applicable for remediation of
contaminated soil at the Quendall Terminals site. As discussed in Section 1.1,
PAH compounds, benzene, and DNAPL contamination have been identified
in soil at the site. The remediation technologies presented in this section
include excavation, thermal desorption, incineration, bioremediation, offsite
landfill disposal, soil washing, stabilization/solidification, capping, soil
flushing, in situ vitrification, soil vapor extraction, and bioventing. Bref
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descriptions of each of these alternative technologies are presented along with
a discussion of implementation implications for the Quendall Terminals site.

Excavation

Description of Technology—Excavation involves the use of conventional
construction equipment (e.g., backhoe, front-end loader) to remove.
contaminated soil and clean overburden. Excavation may include shoring,
localized control of groundwater and surface water, segregation. and
stockpiling of excavated clean overburden and contaminated soil, and
backfilling and regrading. Much of the contarmnated soib would require
dewatermg prior to treatment or disposal, and er produced from

Typical unit costs for excavation and xcavation-related activities are as

follows:
Activity Bl -
Y R &
Excavation and Stockplhgp f G 5 $10 to $15 per ton
Dewatenng, Water Treatrm€i#and V\;;ter _
Disposalgy ; $10 to $20 per ton
$5 to $10 per ton

IQ;,O tons) u‘ s not include the cost to purchase 5011 to backfill
&avated areas

_eﬁ'ectwe means of reducing contaminant volume and decreasmg potential
long-term exposure to contaminants, although excavation introduces the
potential for short-term exposure of workers. Excavation is likely to provide
significant additional long-term protection of human health and the
environment.

Calculations were performed to estimate the pumping rates required to
dewater an excavation. Details of this effort are included in Appendix C.
Dewatering rates are estimated at up to 90 gpm for the shallow unit and 300 to
350 gpm for the deep sand layer. Based on these estimated dewatering rates,
it is impractical to dewater the sand layer for excavation of the shallow unit.
In addition, calculations were performed to evaluate the depth to which an
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excavation can be completed into the shallow unit without resulting in heave
or piping due to hydrostatic pressure in the sand unit. Based -on these
calculations, the maximum possible depth of excavation at the Quendall
Terminals property is approximately 14 feet bgs (PacRim, 2000).

Focused excavation of DNAPL-contaminated soil could be used to limit
potential migration of DNAPL to Lake Washington and reduce the long-term
source of contaminants to groundwater. - Excavation is retained for further
consideration as a potential technology for removal of DNAPL-contaminated
soil. Because excavation can only occur at a depth of less 14 feet below

Quendall Terminals property.

Thermal Desorption
Description _of Technolo

compounds. During the process, volatil€
separated from excavated soil throughs,

agitation.  Temperatures of 69 RE
contaminants from excavated s =ICOnt:
to a gas treatment unit. Thegf jdationti$th€ most common and preferred
gas treatment process, a‘gﬁ’” gh ot Ter teck ologies such as carbon adsorption
are also used. Therma deso,twn Sults in a permanent reduction in
Jan t’é ? city. The process is often sufﬁcxently

.: Py.heat, and mechanical
grare used to volatilize -

"; ccomplished using onsite mobile units or at

nsite units typically range from 20 to 90 tons per hour,
range from $40 to $50 per ton, assurmng large volumes of

‘ B‘*-’W: 1te treatment of contaminated sod also would require transport, likely
via truck along public streets. As such, haul roads and traffic patterns would -
have to be established and maintained. The estimated cost for offsite
treatment at the TPS facility in Tacoma, Washington, is $40 to $50 per ton,”
including transportation.

Screening Evaluation—Thermal desorption is a proven and cost-effective
technology that is readily available and moderately simple to implement. The
thermal desorption process results in a permanent reduction in contaminant
volume, toxicity, and mobility. Onsite thermal desorption units can be used to
eliminate the costs associated with transport of contaminated soil and clean
fill to and from the site. Thermal desorption is often capable of achieving a
sufficient reduction in contaminant concentration to allow the treated soil to
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be used as backfill in the excavation areas, thereby limiting costs associated
with purchase of imported clean fill matenals Thermal desorption is retained
for further con51derat10n

Incineration

Description of Technology—Incineration is a demonstrated remediation
technology for the treatment of soil containing organic contaminants. The
incineration process uses high temperatures (1,600°F to 2,200°F) to volatilize
and subsequently thermally oxidize organic contaminants. When properly
operated incineration can achieve greater than 99.99 perce it destruction of
organic contaminants. It can be performed onsitgfusi ¥ permitted mobile
incinerators or offsite at a permitted, commy@rcial £aCHi6h, Similar to thermal
desorption, incineration requires excavaggm and stgekg D mated
soil, and stockpiling of clean fill matétals. Jfic
dependent on the volume of material g"é\ itre el .‘ 'ant type,
permitting requirements, and the type of 1%&111 Srat
from $300 to $1,000 per ton. &

Screening Evaluation—Incineratighs nal desorption, but is a
more aggressxve treatment teek olo gation is well demonstrated

iSimple to implement. Incineration
fsite Ue;Ment units. However, permits for

can be performed using ons € Or ¢
i “” beco mning mcreasmgly dxﬁicult to obtam

operatxon of mcmeratxo ' __

over a prepared treatment bed. Careful control of nutrient concentrations,
moisture levels, and oxygen content is maintained in the treatment bed soil,
accelerating microbial bio-oxidation of the organic contaminants. The soil is
treated in shallow lifts, which are removed from the treatment bed once
specified treatment goals have been achieved. The process has been reported
to achieve contaminant destruction efficiencies ranging from 50 to 90
percent—achieving a permanent reduction in contaminant volume, mobility,
and toxicity. Costs for landfarming typically range from $30 to $40 per yd3.
Typically, 500 to 4,000 yd3 of soil can be treated per acre of treatment bed,
over a treatment period of 6 months to 1 year.
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Screening Evaluation—ILandfarming bioremediation of organic contaminants
leads to a permanent reduction in contaminant volume, toxicity, and mobility,
thereby reducing the long-term potential exposure to site contaminants. The
potential for short-term exposure of workers to the contaminants exists,
however, throughout the excavation and landfarm treatment process.
Bioremediation typically is not as effective as thermal treatment techniques,
and is not significantly less costly than thermal desorption. More importantly,
landfarming requires an extended treatment period (e.g., 6 months to 1 year)
to achieve a significant reduction in contaminant concentration, and is thus
incompatible with the desired remediation schedule fos the Quendall
Terminals site. Landfarming is not retained for furth cops c?eration.

Offsite Landf' il Disposal

loglca.l receptors, thereby

oI

€3 ' - 2ol orkers to the contaminants

during excavation and hanélmg fg'xe contaminated soil. Offsite landfill
disposal of contaminated®8pil woilld requﬁ’% transport, likely via truck along
public streets. As suﬁh@aul{‘C ads traffic patterns would have to be
establisted and mAnfTined. l costs at a Subtitle C landfill (for
Gl%' > asfgﬁf%% ﬁ'or%mo to $200 per ton, and at a Subtitle D

j“%‘f?la snte landfill disposal would reduce potential

) taminants and prevent exposure of human or ecological
wﬁif- y ted matenals Landﬁll dlsposal would not reduce

Attaent, Offsite landfill disposal is retained for consideration as an alternate
technology should ex situ treatment (e.g., thermal desorption) prove
infeasible.

Soil Washing
Description of Technology—Soil washing is an ex situ remediation process
designed to separate contaminants from excavated soil. Excavated soil is
mixed with plain water or water containing a chemical additive. Additives
such as surfactants or solvents are used to enhance contaminant solubility.
Soil washing can be used to achieve one of two goals:

e Separate the fine particles from the excavated soil to minimize the
amount of soil requiring treatment and/or offsite disposal (in
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general, most soil contaminants are associated with soil fine
particles), or

e Dissolve the contaminant in the washing solution.

Separation of the fines can reduce the volume of soil requiring treatment or
disposal, but does not in itself reduce the mobility or toxicity of the
contaminant. Following contact with the soil, the wash solution is treated to
remove the contaminants and, if applicable, recycle the chemical additive.
Soil washing costs typically range from $120 to $200 per tor)é%however, due to
the insoluble nature of the PAH contamination eneount ed, costs may be

_ans oféreducing
istmete’costly and
less effective than other treatment alternh 1YES g’rl’ desorption or
offsite landfill disposal. As a result, soilsWashin) 8
where minimization of contaminated sonl volun ea high priority. Soil

‘washing is not retained for further

R g gﬂ oundaterdifSolution. The stabilization technology
can ,. : a a% itu orggf%% The in-situ soil treatment technology

involvesjmict _, a n of contaminated soil in a concrete matrix. This
d for civil engineering applications to provide

E Tt

8y a tracked unit ‘which provides rotary mixing. Soil is

Laboratory testing is required to demonstrate the effectiveness of the
stabilization/solidification process, and to achieve the optimal mixing ratios
for full-scale application. Costs for shallow (less than 40 feet) soil mixing
range from $40 to $80 per cubic yard, depending on depth and the slurry mix
required for the site, with placement rates typically 40 to 60 cubic yards per
hour for each mixing rig.

" The encapsulation of the contaminated soil reduces toxicity and mobility, but
does not reduce contaminant volume. The encapsulated material also acts as a
barrier to groundwater movement.
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Screening Evaluation—Stabilization of contaminated soil has been
demonstrated effective in. reducing the mobility and leachability of
hydrocarbons. A significant advantage to stabilization soil technologies is the
elimination of the requirement for excavating and treating contaminated soil.
This greatly reduces the exposure risk of site workers and nearby residents,
eliminates the need for stockpile areas, loadout areas and heavy truck traffic
on public roadways, and minimizes material handling costs. Stabilization is
retained for further consideration.

Capping
Description of Technology—Capping technologies . d_ﬁed to minimize

direct human exposure to the coma.rm% andFE i
contaminant mobility by isolating the affétted soil jj¥placemn

. . Ay . egaveds
of a clean soil layer to provide a physxc%ﬁéamer' 0 direct;;

the affected soil, and/or a layer of ungen%%. materials
provide a barrier to both direct exposure' i

Buildings and similar structures constiictedidiitinig site redevelopment can
also serve as a cap. Capping is a centai R tECh]
process, and thus does not achit & -
mobility, or toxicity. Estimatédl costyfoleca
square foot, depending owfna 1 of thes

the costs required for capfmaintepance.
i o

#in contaminant volume,
‘ range from $1 to $3 per

ap. These costs do not include

ppmpsisan effective and relatively inexpensive
tial eXpostre to soil contaminants. A clean material

Ve%gfment structures, such as buildings and parking
rve vas effective barriers to exposure to site soil
ance of the cap would be required to ensure cap
Lterm effectiveness. Careful design and control of surface

reducin

: Bclude prescriptive measures for worker safety during site excavation
or other construction-related activities potentially involving contact with soil
contaminants beneath the cap. Additional measures would include deed
restrictions requiring that following any disturbance, the cap be replaced or
that another equally protective measure be taken. Capping is retained for
further consideration.

Soil Flushing
Description of Technology—Soil flushing is an in situ soil remediation
technology similar to soil washing. Soil flushing attempts to extract
contaminants from soil by flushing the soil in situ with water or with water
containing a chemical additive. The flushing solution is applied to the
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affected soil via well injection or surface infiltration, and the contaminant-
bearing leachate is collected using extraction wells located downgradient of
the treated soil zone. Once extracted, the leachate water is treated using
established ex situ water treatment processes. Soil flushing, when combined
with ex situ water treatment, results in a permanent reduction in contaminant
volume. Soil flushing can potentially result in increased long-term mobility of
residual contaminants, as contaminant solubility may be enhanced by remnant
washing solution. Application of soil flushing technology is limited to sites
with favorable hydrogeologic conditions that allow for efficient flushing of
the contaminants from the soil and for complete recover of the leachate
solution. The presence of free-phase contamma Qn-_ (S

reduction in contaminant volume. Sqil$ i
process, and thus eliminates the p
- contaminpants due to. excavation abowe

presence of nearby surface 7 t Nakep ydraulic control difﬁcult to

demonstrate and relativels ;; ow )

consistent applxcatlon _ﬁST cult£7' S
=iy . .1(,

consxde tion.

oil f} ushmg is not retained for. further

‘ g %ves placing electrodes into the ground and inducing an

i foenerate extremely high temperatures in the affected soil.
i eratires cause the soil to melt, immobilizing inorganic
&g tammants encapsulatmg them m a glass-hke matrix and destroymg

A
£S5

»‘r

tepd od placed over the treated area is often required to control off-gases
released during the treatment process. The vitrification process reduces the
volume, mobility, and toxicity of organic contaminants. Vitrification is a
complex, high-energy technology that requires a high degree of expertise and
training. As such, costs for in situ vitrification are high, typically on the order
of $700 per ton.

Screening Evaluation—In situ vitrification would lead to a permanent
reduction in contaminant volume, toxicity, and mobility, and would limit the
potential for long-term exposure to site contaminants. As treatment is
performed in situ, there is no potential for worker exposure to contaminants
due to soil excavation. However, off-gases produced from vitrification can be
potentially harmful if proper control measures are not implemented.
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Converting soil to a solid, glass-like mass during vitrification could limit
potential future site uses and redevelopment. In addition, in situ vitrification
is cost-prohibitive.  In situ vitrification is not retained for further
consideration.

Soil Vapor Extraction

Description of Technology—Soil vapor extraction (SVE) is an in situ
remediation process designed for the removal of volatile or semivolatile
- contaminants from unsaturated soil. The SVE process involves installing air
extraction wells in vadose zone soil, and applymg a vaegn to induce the
flow of air through the soil. Volatile contammants al: stiipped from the soil

matrix with the moving air, and the extractéd et reated ex situ using
established gas treatment processes (e.g.,4¢ PRctivate GAC]
2 rediditaddiifon to the

air extractxon wells to enhance air flov nant removal
efficiency. Air flow, and thus SVE efﬁcx :3” limited by low permeability
strata and high soil m01sture contexf 2 ennanently reduces the
atment process, also

reduces the moblhty and tox1¢1 atnants. A typical cost for

Screening Evaluation
produce a permanent ionéis 12 minant volume. However the SVE

o / the presence of DNAPL, and would not
tng the site RAOs. SVE is not retained for further

i 23 —Bibventing is a demonstrated treatment process
SVE Unlike SVE, which strips the contaminants from the

;i%u oal of stimulating the bxo-oxxdatlon of the contaminants by .
g oxygen (by the induced air flow) to naturally occurring
microorganisms. Bio-oxidation reduces contaminant volume, mobility, and
toxicity. Unlike SVE, bioventing is not limited to volatile and semivolatile
contaminants, and is applicable to any other organic contaminants that are
susceptible to aerobic bio-oxidation. Aboveground off-gas treatment is often
required for bioventing, and air flow can be limited by low permeability strata
and soil with excessive moisture. Too little soil moisture can also limit
bioventing efficiency by limiting biological growth. Typical costs for
bioventing range from $10 to $50 per cubic yards of soil.

Screening Evaluation—Similar to SVE, bioventing would produce a
permanent reduction in contaminant mass, but is not likely to achieve the
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RAOs established for the Quendall Terminals site. Bioventing is not retained
for further consideration.

5.2 Technologies for Remediation of
Groundwater

This section identifies and screens technologies potentially applicable for
remediation of contaminated groundwater at the Quendall Terminals site. As
discussed previously, contaminants detected in groundwater at the site include
PAH compounds, benzene, and DNAPL. The remediatipn technologies
presented in this section mclude natural attenuatlo e ouég?;ater extraction,

Natural Attenuation
Descrl tion of Technolo

Natural attenuation requires that
2pH, abundant dissolved oxygen) exist in the
on of natural attenuation processes requires
t: ants and other indicator compounds (e.g.,
gdiicts, dissolved oxygen, redox potential). This monitoring

pported by computational modeling and/or laboratory
e cost associated with natural attenuation is related to the

thg Evaluation—Natural attenuation processes have been demonstrated
to be sufficiently effective to meet remediation goals at several sites in the
United States. However, given the extent and nature of the contamination at
the Quendall Terminals site, and the close proximity of the groundwater
contaminants to Lake Washington, it is uncertain whether natural attenuation
processes are sufficiently effective to meet the site RAOs. Natural attenuation
is retained for consideration, although it will not be applicable until source
removal or treatment activities have occurred.

Groundwater Extraction

Description_of Technology—Groundwater extraction is a remediation
technology that involves the extraction of contaminated groundwater,
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typically through the use of groundwater extraction wells, followed by ex situ
treatment using established water treatment processes. Treated water would
be discharged to the Renton POTW or to surface water under an NPDES
permit. Groundwater extraction together with ex situ treatment is commonly
referred to as “pump and treat.” Groundwater extraction is generally used to
hydraulically control the contaminated groundwater and prevent its further
migration.

Pump and treat would reduce contaminant volume, toxicity, and mobility;
however, it does not effectively remove contaminants from, the subsurface.
Pump and treat relies on either the physical removalsef NAPL or the removal
of dissolved constituents along with grosgdwat gfien pump and treat

begins, some NAPL is initially removableg&iven the:
in soil and the relative productivity of reser

the direct removal of NAPL does not - Iy$ - " fittle or no
NAPL would be recovered after this ini al w :' d. Because e solubility of
the NAPL constituents is so low, remo “ﬁ%‘:ﬁ?‘-ﬁw the dissolved phase is very

slow and DNAPL at the Quendall Te m

technology would involve I T atior at_1_d maintenance costs.
Installing groundwater extragh ejls cos
with additional costs m- o Ted t 0T

"~"..-

: d operate a water treatment
and ndainten -_ [l Se

costs for a pump-and-treat system

Impermeable Barrier Wall

Description of Technology—Impermeable barrier walls, such as slurry walls
or sheet piling, can be installed along a vertical plane in the subsurface to
provide a barrier to contaminant flow. Slurry walls are installed by
excavating a trench and backfilling the trench with a soil-bentonite or soil-
cement mixture, producing a barrier with hydraulic conductivity of 107 to 107
cm/sec. Slurry walls cost $7 to $12 per square foot to construct. Treatment of
contaminated soil excavated during the slurry wall installation process would
add additional cost. Sheet pile barrier walls are installed by driving
interlinking steel sheet piling into the subsurface. Permeability of sheet pile
barriers is limited to leakage through the interlocking joints, which are often
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sealed (e.g., via grout injection) Unlike slurry walls, sheet pile walls can also
be installed offshore in Lake Washington sediments. Sheet pile installation
costs between $20 and $30 per square foot.

Screening Evaluation—At the Quendall Terminals site, low permeability
barrier walls could provide a barrier to direct groundwater and potential
DNAPL discharge to Lake Washington. Impermeable barrier (or
containment) wall technology has been demonstrated to be an effective means
of reducing contaminant migration. A containment wall placed adjacent to the
lake shorehne toa depth of 25 to 30 feet would slow the ﬂo W, of groundwater

lake. Offshore installation of sheet piling t 4 ‘ ca.l barrier to lateral
DNAPL flow could be an effective me > IR, ial for
DNAPL migration to Lake Washingto _A contg tEwalhis refained for
further consideration. = e

Passive Treatment Wall

Description of Technology: 1 hnology involves the
mstal]atxon of a permeable wall Along a vertical plane to

the reactive matenal theon : _' ts%_f attenuated by chemical or
,-,..v';-. je wally Impe meable barrier walls are often used

to dlrect contaminated :;f hi'o) he’passive treatment wall. Peat moss
mfhor iyeinwferials used for treating nonchlorinated
_ asy At the Quendall Terminals site. The cost of
installing¥apassive -o ent wall depends on the phy51ca1 dimensions of the

Eans ted at some sites as an effective in situ process for reducing
contaminant volume and/or preventing offsite contaminant migration.
However, the presence of DNAPL in the subsurface at the Quendall Terminals
site demonstrated that a passive treatment wall is not likely to be effective in
those areas. Passive treatment wall technology is retained for further
consideration in areas where DNAPL is not present.

DNAPL Recovery Trenches
Description of Technology—DNAPL recovery trenches are subsurface
trenches installed to intercept and recover DNAPL plumes. Installation of the
recovery trenches involves excavating a trench downgradient of the DNAPL
plume, placing a perforated collection line at the bottom of the trench, and
backfilling the trench with coarse material (e.g., gravel). As DNAPL
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intercepts the trench, it preferentially migrates down the permeable backfill
material to the collection line, and is pumped to the surface using a recovery
sump. The DNAPL is stored at the surface and periodically transported to an
offsite facility for treatment, reuse, or disposal. This process results in a
permanent decrease in contaminant volume, toxicity, and mobility. Handling
recovered DNAPL can result in potential short-term exposure of workers to
site contaminants. Typical costs for installing DNAPL recovery trenches
range from $30 to $50 per square foot. Additional cost would be incurred for
pumping equipment, piping, and operations and maintenance

during trench installation, and the pump&thg
treatment. Furthermore, excavation of¥g ,
would result ina short-term potentlal foFworke: gxposure to contammants

&

consideration.

Biosparging &9 4
G55 & &7
Description of Technol@ oY -——B1 \argmg?is an in situ remediation technology
designs ned Hate ] act ;Je o-oxidation of organic groundwater
contafmingh N Y i g subsurface microorganisms. The process

from groundwater, causing the contaminants to migrate
unsaturated zone. Biosparging permanently reduces

ereemng Evaluatlon—Blospa.rgmg is an effective means of containing
groundwater contaminants at the Quendall Terminals site. A treatability study
(RETEC 1997) demonstrated that an increase in oxygen can successfully
degrade PAH compounds and benzene. Biosparging would result in a
permanent reduction in volume, toxicity, and mobility of groundwater
contaminants.  Furthermore, if the induced bio-oxidation rate of the
contaminants is sufficiently rapid, biosparging could prevent migration of
groundwater contaminants to Lake Washington. Biosparging is reta.med for
further consideration.
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5.3 Technologies for Remediation of Sediment

This section identifies and screens technologies potentially applicable for
remediating contaminated sediment and sediment wood waste at the Quendall
Terminals site. As discussed in this report, PAH and benzene contamination
and wood waste have been identified in Lake Washington sediment
immediately adjacent to the Quendall Terminals property. In addition,
DNAPL associated with the Quendall source area has been identified at
approximate depths of 5 ft and 15 ft below the mud line, respectively.

The remediation technologies presented in this ,secti Pinclude natural
recovery, dredge and removal, upland treg] ‘ &b, A fhermal desorptlon
incineration, bioremediation, and landﬁ11< osal) )

Natural Recovery

Description of Technology—Natug : J"'L._:w- to naturally occurring
chemical, physical, and biolggica cesses that function to contain or
degrade environmental confa Sedimentation and

microbial blodegradanoxé%rg tural processes that may reduce
avaxlablhty of a conan de it to less toxic or. nontoxic
irecove s that specific conditions (e.g., pH,

S eauits
en) eXistiPthe sediments. Demonstration of natural
; fes monitoring of contaminants and other indicator
ation products, dissolved oxygen, redox).
g supported by computational modeling and/or

The cost of natural recovery is related to the cost

consxderanon, but only to address residual impacts aﬁer source removal has
occurred.

Dredge and Removal

Description of Technology—Dredge and removal involves the use of
mechanical or hydraulic dredging technologies to bring contaminated
sediments to the surface for ex situ treatment, recycling, or disposal. Dredged
sediments would be transported upland and dewatered, and the water
produced would be treated. The dredge and removal of sediments process,
when combined with ex situ treatment, reduces contaminant volume, toxicity,
and mobility. During the process, there is a potential for short-term exposure
of workers to contaminants.
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Various dredging technologies are potentially applicable at the Quendall
Terminals site. Hydraulic dredges vacuum sediments in a slurry through a
pipeline to the surface. Mechanical dredges collect discrete volumes of
contaminated sediments in a suspended bucket. Land-based excavating
techniques (e.g., backhoe excavation) are potentially applicable for removal of
nearshore or shallow sediments. Unit costs for dredge and removal of
contaminated sediment range from $40 to $60 per yd3 of dredged material.
Dredging of non-contaminated sediments, such as the less than 50 percent
wood waste zones, is considerably less costly ($8 to $12 per yd3) as re-
suspension and loss of contaminants is of less concern.
Screening Evaluation—Dredging and removal tec -{'gfiiji €s would be requu'ed
for any sediment remediation alternatiyéthat inJolveshex si 2
These approaches are the only technologi€s congjg: Ered® it

permanent reduction in contarmnant %ﬁm Sloxici ]

¥e—Upland treatment refers to the collection of
shnplogies that can be used to treat contaminated
nd removed from the lake. These technologies include,
sfreatment technologies presented in Section 5.1 of this
€atment of excavated soil. These technologies include

eenig Evaluation—Upland treatment of the contaminated sediment would
eliminate the costs associated with transport of contaminated soil and clean
fill to and from the site. = As described in Section 3.5.1.2, onsite thermal
desorption is retained as an ex situ treatment process for the Quendall
Terminals site. Landfill disposal is also retained as an alternate technology.

Capping
Description of Technology— Sediment capping technologies are appropriate
for isolating impacted sediment from aquatic receptors. The sediment cap
would require placement of clean material to a thickness of at least 1 foot to
isolate contaminants from the bioactive zone. Amendments, such as GAC,
may also be considered to reduce the flux of contaminants to surface water.
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There is a variety of capping placement methods either used or considered
elsewhere (Palermo et al., 1995). The methods include hydraulic pipeline
delivery to either a floating spreader box or submerged diffuser; dozing,
clamming or washing of barged capping materials to settle through the water
column; distribution by controlled discharge from hopper barges;
mechanically-fed tremie to the bottom; high-pressure spraying (monitoring) of
a hydraulic sediment-water slurry across the water surface. Important factors
in selecting the cap placement method is to assure minimum capping
thickness over the entire remedial area, limit resuspension and loss of
contammated sedlment to the water column ‘and preven m1x1ng of the

column rather than impact the bottom ;
hydraulic flow will tend to satisfy the
placement range between $8 and $14 perk

Sediment Memorandum (RETEC

=
P .'-v‘

judged to be the best methodt

il

for further consideratio u:‘.g

ent facility immediately adjacent to the existing
‘wall is placed along the desired outer limit of the

: - ed sediment or soil, or with clean fill. The area ouside
¢ filled and graded to provide suitable aquatic habitat. At the
als site, a nearshore containment facility could be designed
",,gﬁ‘”f fac1hty for contaminated sediment and as a cover for all or most
ofstliciotishore DNAPL identified at the site. Such a facility would not reduce
contaminant volume, toxicity, or mobility, but would restrict potential
migration of sediment contaminants and DNAPL to the lake. It would also
reduce long-term potential for exposure to the contaminants. The cost of a
nearshore containment facility would include the cost of barrier wall
construction and dredging and placement of soil within the facility.
Additional costs would include those associated with mitigation for shoreline
impacts, wetland replacement, and lake infilling and habitat destruction.

Screening Evaluation—A nearshore .containment facility would be an
effective means of containing contaminated sediments and wood waste, and
would provide a barrier to potential DNAPL seepage into Lake Washington.
On the other hand, the facility would not reduce contaminant volume, toxicity,
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or mobility, and would potentially expose workers to contaminants during
excavation and during placement of contaminated sediments within the
facility. Furthermore, construction of the facility would require substantial
mitigative action. The nearshore containment facility is retained for further
consideration, but is anticipated to be administratively complex to implement.

5.4 Summary of Screening-Level EValuation

Tables 5-1 through 5-3 summarize the results of the screening evaluation of
remedial technologies. They also list media-specific technologies that are
retained for consideration during the development of thoposed cleanup
action plan for the Quendall Terminals site. | -

5.4.1 Institutional'ControI

subsurface contamination left in plac
measures. Institutional control _ﬂ‘s
breadth and intensity, dependm on it

.&

5.4.2 Compllance Mg nlt g

equately and protect human health and the
P that site RAOs have been meet. Monitoring
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Table 4-5

List of Groundwater Cleanup Levels ( pg/L)

Contaminant of MCL MTCA MTCA MTCA Method Fresh Water Quality Estimated Practical Selected
Concern (EPA, Method A Method B B Surface Criteria/Standards Quantitation | Quantitation | Cleanup
1996) | Groundwater | Groundwater® Water® (40 CFR 131)° Limit Limit® Level
(WAC 173-340) | (WAC 173-340) | (WAC 173-340) (SW-846,
Nov. 1992)
Acute/ Human
Chronic { Consumption
of Organisms
Benzene — — — 43 — —_ — — 43
Naphthalene — — 320 9,880 — — 10 0.01 9,880
Acenaphthylene — — — —_ — — 10 0.01 —
Acenaphthene — -— 960 643 — — 10 0.01 643
Fluorene — — 640 3,460 - 14,000 10 0.01 3,460
Phenanthrene — — — — —_ — 10 0.01 —_
Anthracene — — 4,800 25,900 — 110,000 10 0.01 25,900
Fluoranthene — —_ 640 90.2 — 370 10 0.01 90.2
Pyrene — — 480 2,590 — 11,000 10 0.01 2,590
Benzo(a)anthracene _ 0.1 0.012 0.0296 — 0.031 10 0.01 .0296
Chrysene — 0.1a 0.012 0.0296 — 0.031 10 0.01 0296
Benzo(b)fluoranthene —_ 0.1a 0.012 0.0296 — 0.031 10 0.01 .0296
Benzo(k)fluoranthene — O0.1la 0.012 0.0296 — 0.031 10 0.01 .0296
Benzo(a)pyrene 0.2 0.1a 0.012 0.0296 — 0.031 10 0.01 .0296
Dibenzo(a,h)anthracene| — 0.1= 0.012 0.0296 — 0.031 10 0.01 .0296
Benzo(g,h,i)perylene — — — — — —_ 10 0.01 —
Indeno(1,2,3-cd)pyrene | — O.1a 0.012 0.0296 — 0.031 10 0.01 .0296
Pentachlorophenol — — 0.729 4.91 20/7.9c¢ 8.2 50 — 491

NOTES:

a  Value for carcinogenic PAHs.

" o0 o

Values obtained from MTCA Cleanup Levels and Risk Calculations (CLARC II) update.

AWQC, EPA, 1997. Human health (10-6 risk for carcinogens} for consumption of organisms only.
PQL estimated based on a survey of local laboratories using EPA Method 8270 SIM-PRO.
Pentachlorophenol chronic criteria based on pH-dependent formula (exp(1.005(pH)-5.290)) at pH 7.8.




Table 4-6 List of Soil Cleanup Levels

NOTES:

a

Contaminant of Concern

* MTCA Method B

Direct Contact®

100 x MTCA Method B
Groundwater® (mg/kg)

{(mg/kg)
Acenaphthene 4,800 96
Acenaphthylene — —
Anthracene 24,000 480
Benzene 34.5 4.3
Benzo(a)anthracene 0.137 0.0012
Benzo(a)pyrene 0.137 0.02
Benzo(b)fluoranthene 0.137 0.0012
" [Benzo(g,h,i)perylene — —
Benzo(k)fluoranthene 0.137 0.0012
Chrysene 0.137 0.0012
Dibenzo(a,h)anthracene 0.137 0.0012
Fluoranthene 3,200 64
Fluorene | 3,200 64
Indeno(1,2,3,cd)pyrene 0.137 0.0012
Naphthalene _ 3,200 32
Pentachlorophenol 8.33 0.1
Phenanthrene — —
Pyrene 2,400 48

MTCA CLARC Il Update, February 1996.




Table 5-1 Summary of Remediation Technologies for Soil

Screening Criteria

Results of
Technology Screenin '
g Effectiveness Cost Implementability
Excavation Retained Effective for limiting potential long-term High Well demonstrated technology
exposure to site contaminants ,
Complete contaminant removal technically
Potential short-term exposure of workers to complicated and costly
contaminants
Thermal Desorption | Retained Effective for reducing contaminant volume High Can be implemented onsite using readily
available, mobile treatment units
Incineration Retained Effective for reducing contaminant volume High Can be implemented onsite using mobile
treatment units '
Permitting often difficult
Bioremediation Not Retained | Moderately effective at reducing contaminant Moderate Requires construction of onsite treatment
(Landfarming) volume facility
Not as effective as thermal treatment Long term treatment period required
Offsite Landfill Retained Effective for reducing potential long-term Moderate to | Requires offsite transport of contaminated

Disposal

exposure to site contaminants

high

soils and purchase of clean fill material




Table 5-1 continued

Soil Washing Not Potentially effective for reducing volume of soil | High Demonstrated technology
Retained requiring treatment
Operation requires expertise
Not as effective as thermal treatment
Stabilization- Shallow Retained Effective in reducing the mobility and Moderate | Demonstrated technology
Soil Mixing leachability of hydrocarbons ,
Easy to implement with appropriate additive
Capping Retained Effective for reducing potential exposure to site | Low Eésy to implement
contaminants
Soil Flushing Not | DNAPL likely to inhibit performance Moderate | Moderately easy to implement
Retained
In Situ Vitrification Not Effective for reducing contaminant volume High Requires significant operational expertise
Retained
Can potentially limit future site development
Soil Vapor Extraction Not DNAPL likely to inhibit effectiveness for Low Demonstrated technology that is easy to
Retained reducing soil contaminant concentrations implement and maintain
Potentially effective for controlling off gases
produced by groundwater biosparging
Bioventing Not DNAPL likely to inhibit effectiveness for Low Demonstrated technology that is easy to
Retained reducing soil contaminant implement and maintain

Potentially effective for covntrolling off gases
produced by groundwater biosparging




Table 5-2 Summary of Remedial Technologies for Groundwater

Screening Criteria

Results of
Technology Screeni
ning Effectiveness Cost . Implementability
Groundwater Not Retained Ineffective for reducing contaminant volume High Easy to implement and maintain
Extraction ' ,
Long-term operation required
Hydraulic Control | Not Retained | Effective for preventing offsite migration of Moderate | Easy to implement and maintain
groundwater contaminants '
Long-term operation required
Natural Not Retained | Unlikely to be sufficient to meet RAOs Low Naturally occurring process -
Attenuation
Impermeable Retained Effective for limiting migration of groundwater Moderate | Demonstrated and readily available
Barrier Wall contaminants and DNAPL to Lake Washington technology for containment
Passive Treatment | Not Retained | Unlikely to be sufficient to meet RAOs High Demonstrated and readily available
Wall technology
DNAPL Recovery | Retained Effective for limiting offsite migration of upland | Moderate | Simple technology that is easy to
Trench DNAPL implement
Biosparging Retained Effective for limiting offsite migration of Moderate | Demonstrated and readily available .

groundwater contaminants

May reqhire addition of SVE or bioventing to
control off gases _ '

May require addition of hydraulic control to meet
RAOs ‘ '

technology




Table 5-3 Summary of Remediation Technologies for Sediment

Technology Result of Screening Criteria
Screening
Effectiveness Cost Implementability
Natural Recovery Retained Effective for reducing potential long-term Low . Naturally occurring process
exposure to site contaminants when
combined with other remedial activities
Dredge and Removal | Retained Effective for limiting potential long-term Moderate Demonstrated and readily available
exposure to site contaminants technology
Potential short-term exposure of workers to
contaminants
Thermal Desorption | Retained Effective for reducing contaminant volume | Moderate Can be implemented onsite using readily
available, mobile treatment units
Incineration Retained Effective for reducing contaminant volume | High Can be implemented onsite using mobile
' treatment units
Permitting often difficult
Bioremediation Not Retained | Moderately effective for reducing Moderate Requires construction of onsite treatment
(Landfarming) contaminant volume facility
Not as effective as thermal treatment Long treatment period required




Table 5.3 continued

[Offsite Landfill

Retained Effective for reducing potential long-term Moderate to Required offsite transport of contaminated

Disposal exposure to site contaminants high sediments and purchase of clean fill material
Nearshore Not Retained | Effective for limiting potential long-term Moderate to Complicated by in-lake construction
Containment Facility exposure to site contaminants high

Requires significant mitigation efforts
Nearshore Trap Retained Effective for limiting potential long-term Moderate to Complicated by in-lake construction

exposure to site contaminants high
Capping Retained Effective for reducing potential long-term Low Demonstrated and readily  available

exposure to site contaminants

Effective for reducing DNAPL. mlgratlon to
the Lake and Lake sediments

technology
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